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1

EXHAUST FANS FOR HVAC SYSTEM WITH
ENERGY RECOVERY WHEEL

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation application of U.S. patent applica-
tion Ser. No. 16/595,150, entitled “EXHAUST FANS FOR

HVAC SYSTEM WITH ENERGY RECOVERY WHEEL,”
filed Oct. 7, 2019, which claims priority from and the benefit
of U.S. Prowsmnal Application No. 62/898,930, entitled
“EXHAUST FANS FOR HVAC SYSTEM WITH
ENERGY RECOVERY WHEEL”, filed Sep. 11, 2019, each
of which 1s hereby incorporated by reference in 1ts entirety
for all purposes.

BACKGROUND

This section 1s mtended to mtroduce the reader to various
aspects of art that may be related to various aspects of the
present disclosure and are described below. This discussion
1s believed to be helpful in providing the reader with
background information to facilitate a better understanding,
of the various aspects of the present disclosure. Accordingly,
it should be noted that these statements are to be read 1n this
light, and not as admissions of prior art.

Heating, ventilation, and/or air conditioming (HVAC) sys-
tems are utilized in residential, commercial, and industrial
environments to control environmental properties, such as
temperature and humidity, for occupants of the respective
environments. An HVAC system may control the environ-
mental properties through control of a supply air flow
delivered to the environment. For example, the HVAC
system may place the supply air flow 1n a heat exchange
relationship with a refrigerant of a vapor compression circuit
to condition the supply air flow. Furthermore, the HVAC
system may remove a return air flow from the environment.

In some embodiments, the HVAC system may operate in
an economizer mode, in which the HVAC system discharges
the return air flow removed from the environment and
supplies outdoor air to the environment as supply air. The
HVAC system may also operate 1n an energy recovery mode,
in which the HVAC system utilizes all or part of the return
air flow removed from the environment to pre-condition
outdoor air received by the HVAC system before supplying
the outdoor air to the environment as supply air. In conven-
tional approaches, the HVAC system may include a fan
configured to operate in both the economizer mode and the
energy recovery mode to discharge the return air flow.
Unfortunately, conventional fan systems and techniques
used to operate the fan are ineflicient.

SUMMARY

A summary of certain embodiments disclosed herein 1s set
forth below. It should be noted that these aspects are
presented merely to provide the reader with a brief summary
ol these certain embodiments and that these aspects are not
intended to limit the scope of this disclosure. Indeed, this
disclosure may encompass a variety of aspects that may not
be set forth below.

In one embodiment, a heating, ventilation, and/or air
conditioning (HVAC) unit includes an energy recovery
wheel, a first exhaust fan configured to draw a first air flow
across the energy recovery wheel and discharge the first air
flow from the HVAC unit, a second exhaust fan configured
to draw a second air tlow across the energy recovery wheel
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and discharge the second air flow from the HVAC unit, and
a controller configured to operate the first exhaust fan and
the second exhaust fan 1n an economizer mode and config-
ured to operate the first exhaust fan and suspend operation
of the second exhaust fan 1n an energy recovery mode.

In another embodiment, a control system for a heating,
ventilation, and/or air conditioning (HVAC) unit, the control
system including an automation controller having a tangible,
non-transitory, computer-readable medium with computer-
executable instructions that, when executed, are configured
to cause a processor to output a first control signal i order
to operate the HVAC unit 1n a first mode and output a second
control signal 1n order to operate the HVAC unit 1n a second
mode. A first exhaust fan and a second exhaust fan of the
HVAC unit are 1n operation 1n the first mode, and an energy
recovery wheel of the HVAC umit and the first exhaust fan
are 1n operation 1n the second mode, and the second exhaust
fan 1s not 1n operation 1n the second mode.

In another embodiment, a heating, ventilation, and/or air
conditioning (HVAC) unit includes an economizer config-
ured to draw outdoor air into the HVAC unit from an
ambient environment, a plurality of exhaust fans configured
to discharge return air from the HVAC unit to the ambient
environment, an energy recovery wheel configured to enable
heat transier between the outdoor air and the return air and
a controller. The controller 1s Conﬁgured to operate the
plurality of exhaust fans 1n a full economizer mode of the
HVAC unit, suspend operation of a selected exhaust fan or
fans of the plurality of exhaust fans 1n an energy recovery
mode of the HVAC umt, and operate the energy recovery

wheel to enable heat transter between the outdoor air and the
return air 1n the energy recovery mode.

DRAWINGS

Various aspects of this disclosure may be better under-
stood upon reading the following detailed description and
upon reference to the drawings in which:

FIG. 1 1s a perspective view ol an embodiment of a
heating, ventilation, and/or air conditioning (HVAC) system
for environmental management that may employ one or
more HVAC units, 1n accordance with an aspect of the
present disclosure;

FIG. 2 1s a perspective view of an embodiment of a
packaged HVAC umt that may be used in the HVAC system
of FIG. 1, in accordance with an aspect of the present
disclosure;

FIG. 3 1s a cutaway perspective view ol an embodiment
of a residential, split HVAC system, 1n accordance with an
aspect of the present disclosure;

FIG. 4 1s a schematic of an embodiment of a vapor
compression system that can be used 1n any of the systems
of FIGS. 1-3, 1n accordance with an aspect of the present
disclosure, 1n accordance with an aspect of the present
disclosure:

FIG. § 1s a perspective view of an embodiment of an
HVAC system having an energy recovery wheel assembly,
in accordance with an aspect of the present disclosure;

FIG. 6 1s an expanded perspective view of an embodiment
of an air distribution plenum of an HVAC system, 1n
accordance with an aspect of the present disclosure;

FIG. 7 1s a schematic of an embodiment of relay logic that
may be employed by a relay of an HVAC system to power
components of the HVAC system based on control signals
received from an automation controller, 1n accordance with
an aspect of the present disclosure;
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FIG. 8 1s an expanded view of an embodiment of an air
distribution plenum of an HVAC system, 1n accordance with

an aspect ol the present disclosure;

FIG. 9 1s a block diagram of a method or process for
operating an HVAC system 1n a full economizer mode, 1n
accordance with an aspect of the present disclosure; and

FIG. 10 1s a block diagram of a method of process for
operating an HVAC system 1n an energy recovery mode, 1n
accordance with an aspect of the present disclosure.

DETAILED DESCRIPTION

One or more specific embodiments will be described
below. In an eflort to provide a concise description of these
embodiments, not all features of an actual implementation
are described 1n the specification. It should be noted that 1n
the development of any such actual implementation, as in
any engineering or design project, numerous implementa-
tion-specific decisions must be made to achieve the devel-
opers’ specific goals, such as compliance with system-
related and business-related constraints, which may vary
from one implementation to another. Moreover, it should be
noted that such a development effort might be complex and
time consuming, but would nevertheless be a routine under-
taking of design, fabrication, and manufacture for those of
ordinary skill having the benefit of this disclosure.

When introducing elements of various embodiments of
the present disclosure, the articles “a,” “an,” and *““the” are
intended to mean that there are one or more of the elements.
The terms “comprising,” “including,” and “having” are
intended to be inclusive and mean that there may be addi-
tional elements other than the listed elements. Additionally,
it should be noted that references to “one embodiment™ or
“an embodiment™ of the present disclosure are not intended
to be interpreted as excluding the existence of additional
embodiments that also incorporate the recited features.

The present disclosure 1s directed to a heating, ventilation,
and/or air conditioning (HVAC) system configured to selec-
tively operate 1n an economizer mode, such as a full econo-
mizer mode, and 1n an energy recovery mode to condition a
space within a structure. Generally, the HVAC system
receives a return air flow from the space and delivers a
supply air flow to the space in both the economizer mode
and 1n the energy recovery mode. In the economizer mode,
the HVAC system may receive outdoor air flow from an
ambient environment to utilize as the supply air flow, and the
HVAC system may supply the outdoor air to the space as the
supply air flow without supplemental pre-conditioning of
the outdoor air tlow for use as supply air to condition the
space. Furthermore, 1n the economizer mode, the HVAC
system may discharge substantially all of the return air flow
received from the space to the ambient environment. As
such, the supply air flow does not include a substantial
amount of the return air flow in the economizer.

In the energy recovery mode, the HVAC may also receive
the outdoor air tlow from the ambient environment to use for
supply air flow. Additionally, 1n the energy recovery mode,
the HVAC system may operate an energy recovery wheel to
enable heat and/or moisture transier between the outdoor air
flow and the return air flow received from the space, thereby
providing supplemental pre-conditioning of the outdoor air
flow. The HVAC system may discharge a portion of the
return air flow from the space to the ambient environment.
A remaining portion of the return air flow may be used for
the supply air flow along with the outdoor air flow. That 1s,
in the energy recovery mode, the supply air flow may
include a mixture of the outdoor air tlow received from the
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ambient environment and the return air tflow received from
the space. In the economizer mode, a greater amount of
return air flow 1s discharged by the HVAC system than in the
energy recovery mode.

The HVAC system may include an exhaust fan configured
to discharge the return air flow to the ambient environment
in the economizer mode and 1n the energy recovery mode.
The exhaust fan may operate at substantially the same
operating condition 1n both the economizer mode and 1n the
energy recovery mode. For example, the same operating
condition may be a common exhaust fan speed or a common
static pressure 1n an exhaust section of the HVAC system.
However, operating the exhaust fan at the same operating
condition may impact a performance of the exhaust fan. As
an example, the operating condition in both modes may
include generating substantially the same static pressure via
the exhaust fan. A size of the exhaust fan may be selected to
generate a particular amount of static pressure when dis-
charging the return air flow 1n the economizer mode. How-
ever, operating the exhaust fan to generate the same amount
of static pressure 1n the energy recovery mode may cause the
exhaust fan to stall. For instance, there may be less return air
flow available for the exhaust fan to discharge in the energy
recovery mode. Thus, the exhaust fan may not direct the air
flow at a desirable velocity to achieve the desired static
pressure, thereby causing flow separation and disruption of
air flowing through the exhaust fan to induce stall in the
exhaust fan. Stalling of the exhaust fan may impact a
performance of the exhaust fan, such as by creating noise,
inducing unstable operation, and so forth.

Thus, 1t 1s presently recognized that discharging the return
air tlow without causing stall of the exhaust fan may
improve operation of the HVAC system in the energy
recovery mode. Accordingly, embodiments of the present
disclosure are directed to an HVAC system having two or
more exhaust fans that are independently controllable from
one another. In the economizer mode, when a greater
amount of return air flow 1s discharged by the HVAC system,
both exhaust fans may be in operation to discharge substan-
tially all of the return air flow received from the space to
achieve the desired static pressure in the HVAC system. That
1s, each of the exhaust fans discharges a part of the received
return air flow to discharge the return air flow at a full air
flow rate. In the energy recovery mode, the operation of one
of the exhaust fans may be suspended. The other exhaust fan
may confinue to operate and discharge a portion of the
received return air tlow, and the remaining portion of the
rece1ved return air flow 1s directed to mix with an outdoor air
flow to generate the supply air flow. The exhaust fan 1n
operation may discharge the portion of the received return
air flow at a suflicient velocity to achieve the desired static
pressure, thereby avoiding a stall condition of the exhaust
fan. For example, the exhaust fans used in the present
techniques may have a different specification than the single
exhaust fan used 1n conventional HVAC systems to enable
the exhaust fans to use a lower return air flow rate to direct
the return air flow at a suflicient velocity and avoid the stall
condition. In this way, the exhaust fan 1n operation in the
energy recovery mode may direct the return air flow at the
partial air flow rate without stalling. Thus, the performance
of the exhaust fan 1n the energy recovery mode 1s improved.

Tumning now to the drawings, FIG. 1 illustrates an
embodiment of a heating, ventilation, and/or air condition-
ing (HVAC) system for environmental management that
may employ one or more HVAC units. As used herein, an
HVAC system includes any number of components config-
ured to enable regulation of parameters related to climate
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characteristics, such as temperature, humidity, air flow,
pressure, air quality, and so forth. For example, an “HVAC
system’™ as used herein 1s defined as conventionally under-
stood and as further described herein. Components or parts
of an “HVAC system™ may include, but are not limited to,
all, some of, or individual parts such as a heat exchanger, a
heater, an air flow control device, such as a fan, a sensor
configured to detect a climate characteristic or operating
parameter, a filter, a control device configured to regulate
operation of an HVAC system component, a component
configured to enable regulation of climate characteristics, or
a combination thereof. An “HVAC system™ 1s a system
configured to provide such functions as heating, cooling,
ventilation, dehumidification, pressurization, refrigeration,
filtration, or any combination thereol. The embodiments
described herein may be utilized 1n a variety of applications
to control climate characteristics, such as residential, com-
mercial, industrial, transportation, or other applications
where climate control 1s desired.

In the illustrated embodiment, a building 10 1s air condi-
tioned by a system that includes an HVAC unit 12. The
building 10 may be a commercial structure or a residential
structure. As shown, the HVAC unit 12 1s disposed on the
root of the building 10; however, the HVAC unit 12 may be
located 1n other equipment rooms or areas adjacent the
building 10. The HVAC unit 12 may be a single package unit
containing other equipment, such as a blower, integrated air
handler, and/or auxiliary heating unit. In other embodiments,
the HVAC unit 12 may be part of a split HVAC system, such
as the system shown 1n FIG. 3, which includes an outdoor
HVAC unit 58 and an indoor HVAC unit 56.

The HVAC unit 12 1s an air cooled device that implements
a relrigeration cycle to provide conditioned air to the build-
ing 10. Specifically, the HVAC umt 12 may include one or
more heat exchangers across which an air tlow 1s passed to
condition the air tflow before the air flow 1s supplied to the
building. In the illustrated embodiment, the HVAC unit 12
1s a rooftop unit (RTU) that conditions a supply air stream,
such as environmental air and/or a return air flow from the
building 10. After the HVAC unit 12 conditions the air, the
air 1s supplied to the building 10 via ductwork 14 extending
throughout the building 10 from the HVAC umt 12. For
example, the ductwork 14 may extend to various individual
floors or other sections of the building 10. In certain embodi-
ments, the HVAC unit 12 may be a heat pump that provides
both heating and cooling to the building with one refrigera-
tion circuit configured to operate 1n different modes. In other
embodiments, the HVAC umt 12 may include one or more
refrigeration circuits for cooling an air stream and a furnace
for heating the air stream.

A control device 16, one type of which may be a ther-
mostat, may be used to designate the temperature of the
conditioned air. The control device 16 also may be used to
control the flow of air through the ductwork 14. For
example, the control device 16 may be used to regulate
operation of one or more components of the HVAC unit 12
or other components, such as dampers and fans, within the
building 10 that may control flow of air through and/or from
the ductwork 14. In some embodiments, other devices may
be 1ncluded in the system, such as pressure and/or tempera-
ture transducers or switches that sense the temperatures and
pressures ol the supply aitr, return air, and so forth. More-
over, the control device 16 may include computer systems
that are integrated with or separate from other building
control or monitoring systems, and even systems that are
remote from the building 10.
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FIG. 2 1s a perspective view of an embodiment of the
HVAC unit 12. In the illustrated embodiment, the HVAC

unit 12 1s a single package unit that may include one or more
independent refrigeration circuits and components that are
tested, charged, wired, piped, and ready for installation. The
HVAC unit 12 may provide a variety of heating and/or
cooling functions, such as cooling only, heating only, cool-
ing with electric heat, cooling with dehumidification, cool-
ing with gas heat, or cooling with a heat pump. As described
above, the HVAC unit 12 may directly cool and/or heat an

air stream provided to the building 10 to condition a space

in the building 10.

As shown 1in the illustrated embodiment of FIG. 2, a
cabinet 24 encloses the HVAC unit 12 and provides struc-
tural support and protection to the internal components from
environmental and other contaminants. In some embodi-
ments, the cabinet 24 may be constructed of galvanized steel
and insulated with aluminum foil faced insulation. Rails 26

may be joined to the bottom perimeter of the cabinet 24 and
provide a foundation for the HVAC umit 12. In certain
embodiments, the rails 26 may provide access for a forklift
and/or overhead rnigging to facilitate installation and/or
removal of the HVAC unit 12. In some embodiments, the
rails 26 may fit mnto “curbs™ on the roof to enable the HVAC
unit 12 to provide air to the ductwork 14 from the bottom of
the HVAC unit 12 while blocking elements such as rain from
leaking into the building 10.

The HVAC unit 12 includes heat exchangers 28 and 30 1n
fluid communication with one or more refrigeration circuits.
Tubes within the heat exchangers 28 and 30 may circulate
refrigerant, such as R-410A, through the heat exchangers 28
and 30. The tubes may be of various types, such as multi-
channel tubes, conventional copper or aluminum tubing, and
so forth. Together, the heat exchangers 28 and 30 may
implement a thermal cycle 1n which the refrigerant under-
goes phase changes and/or temperature changes as 1t tlows
through the heat exchangers 28 and 30 to produce heated
and/or cooled air. For example, the heat exchanger 28 may
function as a condenser where heat 1s released from the
refrigerant to ambient air, and the heat exchanger 30 may
function as an evaporator where the refrigerant absorbs heat
to cool an air stream. In other embodiments, the HVAC unit
12 may operate 1in a heat pump mode where the roles of the
heat exchangers 28 and 30 may be reversed. That 1s, the heat
exchanger 28 may function as an evaporator and the heat
exchanger 30 may function as a condenser. In further
embodiments, the HVAC unit 12 may include a furnace for
heating the air stream that 1s supplied to the building 10.
While the illustrated embodiment of FIG. 2 shows the
HVAC unit 12 having two of the heat exchangers 28 and 30,
in other embodiments, the HVAC unit 12 may include one
heat exchanger or more than two heat exchangers.

The heat exchanger 30 1s located within a compartment 31
that separates the heat exchanger 30 from the heat exchanger
28. Fans 32 draw air from the environment through the heat
exchanger 28. Air may be heated and/or cooled as the air
flows through the heat exchanger 28 before being released
back to the environment surrounding the HVAC unit 12. A
blower assembly 34, powered by a motor 36, draws air
through the heat exchanger 30 to heat or cool the air. The
heated or cooled air may be directed to the building 10 by
the ductwork 14, which may be connected to the HVAC umit
12. Belore flowing through the heat exchanger 30, the
conditioned air flows through one or more filters 38 that may
remove particulates and contaminants from the air. In certain
embodiments, the filters 38 may be disposed on the air
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intake side of the heat exchanger 30 to prevent contaminants
from contacting the heat exchanger 30.

The HVAC unit 12 also may include other equipment for
implementing the thermal cycle. Compressors 42 increase
the pressure and temperature of the refrigerant before the
reirigerant enters the heat exchanger 28. The compressors 42
may be any suitable type of compressors, such as scroll
COMpressors, rotary compressors, SCrew COmpressors, or
reciprocating compressors. In some embodiments, the com-
pressors 42 may include a pair of hermetic direct drive
compressors arranged i a dual stage configuration 44.
However, in other embodiments, any number of the com-
pressors 42 may be provided to achieve various stages of
heating and/or cooling. Additional equipment and devices
may be included 1n the HVAC unit 12, such as a solid-core
filter drier, a drain pan, a disconnect switch, an economizer,
pressure switches, phase monitors, and humidity sensors,
among other things.

The HVAC unit 12 may recerve power through a terminal
block 46. For example, a high voltage power source may be
connected to the terminal block 46 to power the equipment.
The operation of the HVAC unit 12 may be governed or
regulated by a control board 48. The control board 48 may
include control circuitry connected to a thermostat, sensors,
and alarms. One or more of these components may be
referred to herein separately or collectively as the control
device 16. The control circuitry may be configured to control
operation of the equipment, provide alarms, and monitor
safety switches. Wiring 49 may connect the control board 48
and the terminal block 46 to the equipment of the HVAC unait
12.

FI1G. 3 1llustrates a residential heating and cooling system
50, also 1n accordance with present techniques. The resi-
dential heating and cooling system 50 may provide heated
and cooled air to a residential structure, as well as provide
outside air for ventilation and provide improved indoor air
quality (IAQ) through devices such as ultraviolet lights and
air filters. In the illustrated embodiment, the residential
heating and cooling system 30 1s a split HVAC system. In
general, a residence 32 conditioned by a split HVAC system
may include refrigerant conduits 34 that operatively couple
the indoor unit 56 to the outdoor unit 58. The indoor unit 56
may be positioned 1n a utility room, an attic, a basement, and
so forth. The outdoor unit 58 1s typically situated adjacent to
a side of residence 52 and 1s covered by a shroud to protect
the system components and to prevent leaves and other
debris or contaminants from entering the umt. The refriger-
ant conduits 54 transfer refrigerant between the indoor unit
56 and the outdoor unit 58, typically transferring primarily
liquid refrigerant in one direction and primarily vaporized
refrigerant in an opposite direction.

When the system shown in FIG. 3 1s operating as an air
conditioner, a heat exchanger 60 1n the outdoor unit 58
serves as a condenser for re-condensing vaporized refriger-
ant flowing from the indoor unit 36 to the outdoor unit 58 via
one of the refrigerant conduits 54. In these applications, a
heat exchanger 62 of the indoor unit functions as an evapo-
rator. Specifically, the heat exchanger 62 receirves liquid
refrigerant, which may be expanded by an expansion device,
and evaporates the refrigerant before returning it to the
outdoor unit 58.

The outdoor unit 58 draws environmental air through the
heat exchanger 60 using a fan 64 and expels the air above the
outdoor unit 38. When operating as an air conditioner, the air
1s heated by the heat exchanger 60 within the outdoor unit
58 and exits the unit at a temperature higher than 1t entered.
The mndoor unit 56 includes a blower or fan 66 that directs
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air through or across the indoor heat exchanger 62, where
the air 1s cooled when the system i1s operating in air
conditioning mode. Thereafter, the air 1s passed through
ductwork 68 that directs the air to the residence 52. The
overall system operates to maintain a desired temperature as
set by a system controller. When the temperature sensed
inside the residence 52 i1s higher than the set point on the
thermostat, or the set point plus a small amount, the resi-
dential heating and cooling system 50 may become opera-
tive to refrigerate additional air for circulation through the
residence 52. When the temperature reaches the set point, or
the set point minus a small amount, the residential heating
and cooling system 50 may stop the refrigeration cycle
temporarily.

The residential heating and cooling system 50 may also
operate as a heat pump. When operating as a heat pump, the
roles of heat exchangers 60 and 62 are reversed. That 1s, the
heat exchanger 60 of the outdoor unit 58 will serve as an
evaporator to evaporate reifrigerant and thereby cool air
entering the outdoor unit 58 as the air passes over the
outdoor heat exchanger 60. The indoor heat exchanger 62
will recetve a stream of air blown over 1t and will heat the
air by condensing the refrigerant.

In some embodiments, the indoor unit 56 may include a
furnace system 70. For example, the indoor unit 56 may
include the furnace system 70 when the residential heating
and cooling system 50 1s not configured to operate as a heat
pump. The furnace system 70 may include a burner assem-
bly and heat exchanger, among other components, 1nside the
indoor unit 56. Fuel 1s provided to the burner assembly of the
furnace 70 where 1t 1s mixed with air and combusted to form
combustion products. The combustion products may pass
through tubes or piping in a heat exchanger, separate from
heat exchanger 62, such that air directed by the blower 66
passes over the tubes or pipes and extracts heat from the
combustion products. The heated air may then be routed
from the furnace system 70 to the ductwork 68 for heating
the residence 52.

FIG. 4 1s an embodiment of a vapor compression system
72 that can be used 1n any of the systems described above.
The vapor compression system 72 may circulate a refriger-
ant through a circuit starting with a compressor 74. The
circuit may also include a condenser 76, an expansion
valve(s) or device(s) 78, and an evaporator 80. The vapor
compression system 72 may further include a control panel
82 that has an analog to digital (A/D) converter 84, a
microprocessor 86, a non-volatile memory 88, and/or an
interface board 90. The control panel 82 and 1ts components
may function to regulate operation of the vapor compression
system 72 based on feedback from an operator, from sensors
of the vapor compression system 72 that detect operating
conditions, and so forth.

In some embodiments, the vapor compression system 72
may use one or more of a variable speed drive (VSDs) 92,
a motor 94, the compressor 74, the condenser 76, the
expansion valve or device 78, and/or the evaporator 80. The
motor 94 may drive the compressor 74 and may be powered
by the variable speed drive (VSD) 92. The VSD 92 receives
alternating current (AC) power having a particular fixed line
voltage and fixed line frequency from an AC power source,
and provides power having a variable voltage and frequency
to the motor 94. In other embodiments, the motor 94 may be
powered directly from an AC or direct current (DC) power
source. The motor 94 may include any type of electric motor
that can be powered by a VSD or directly from an AC or DC
power source, such as a switched reluctance motor, an
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induction motor, an electronically commutated permanent
magnet motor, or another suitable motor.

The compressor 74 compresses a refrigerant vapor and
delivers the vapor to the condenser 76 through a discharge
passage. In some embodiments, the compressor 74 may be
a centrifugal compressor. The refrigerant vapor delivered by
the compressor 74 to the condenser 76 may transier heat to
a tluid passing across the condenser 76, such as ambient or
environmental air 96. The refrigerant vapor may condense to
a refrigerant liquid in the condenser 76 as a result of thermal
heat transter with the environmental air 96. The liquid
reirigerant from the condenser 76 may flow through the
expansion device 78 to the evaporator 80.

The liquid refrigerant delivered to the evaporator 80 may
absorb heat from another air stream, such as a supply air
stream 98 provided to the building 10 or the residence 52.
For example, the supply air stream 98 may include ambient
or environmental air, return air from a building, or a com-
bination of the two. The liquid refrigerant 1n the evaporator
80 may undergo a phase change from the liquid refrigerant
to a refrigerant vapor. In this manner, the evaporator 80 may
reduce the temperature of the supply air stream 98 wvia
thermal heat transier with the refrigerant. Thereatfter, the
vapor refrigerant exits the evaporator 80 and returns to the
compressor 74 by a suction line to complete the cycle.

In some embodiments, the vapor compression system 72
may further include a reheat coil 1n addition to the evapo-
rator 80. For example, the reheat coil may be positioned
downstream of the evaporator relative to the supply air
stream 98 and may reheat the supply air stream 98 when the
supply air stream 98 1s overcooled to remove humidity from
the supply air stream 98 before the supply air stream 98 1s
directed to the building 10 or the residence 52.

Any of the features described herein may be incorporated
with the HVAC unit 12, the residential heating and cooling,
system 50, or other HVAC systems. Additionally, while the
teatures disclosed herein are described in the context of
embodiments that directly heat and cool a supply air stream
provided to a building or other load, embodiments of the
present disclosure may be applicable to other HVAC sys-
tems as well. For example, the features described herein may
be applied to mechanical cooling systems, free cooling
systems, chiller systems, or other heat pump or refrigeration
applications.

The present disclosure 1s directed to an HVAC system
configured to operate 1n various operating modes to draw a
return air flow from a conditioned space within a structure
and to deliver conditioned a supply air tlow to the condi-
tioned space. The HVAC system may include an energy
recovery wheel configured to enable heat and/or moisture
exchange between an outdoor air flow drawn from an
ambient environment and the return air flow drawn from the
space. The HVAC system may also include two or more
exhaust fans configured to discharge the return air flow from
the space to an ambient environment. In an economizer
operating mode, the energy recovery wheel may not be 1n
operation, and both of the exhaust fans may be operated to
discharge substantially all of the return air flow to the
ambient environment. In certain embodiments, the econo-
mizer mode 1s a “full economizer mode” whereby the supply
air flow provided by the HVAC system substantially consists
of the outdoor air flow and does not include a substantial
amount of the return air flow. The HVAC system may use the
outdoor air flow as the supply air flow, with or without
turther conditioming the outdoor air flow, to be delivered to
the space 1n the full economizer operating mode. Further-
more, the operation of both of the exhaust fans in the
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economizer operating mode enables both of the exhaust fans
to discharge the return air flow at respective velocities, such
as substantially similar first velocities, to generate a desir-
able static pressure, thereby enabling stable operation of the
exhaust fans in the economizer operating mode.

In an energy recovery operating mode, a first portion of
the return air flow drawn from the space may be re-
circulated and mixed with the outdoor air flow drawn from
the environment. Furthermore, the HVAC system may oper-
ate the energy recovery wheel to enable heat and/or moisture
exchange between a second, remaining portion of the return
air tlow and the outdoor air flow. As such, in the energy
recovery operating mode, the outdoor air flow may be
pre-conditioned by the second portion of the return air tlow,
and the pre-conditioned outdoor air flow may mix with the
first portion of the return air flow. Thus, the supply air tlow
includes a mixture of the pre-conditioned outdoor air tlow
and the return air flow in the energy recovery operating
mode. Additionally, the operation of one of the exhaust fans
may be suspended such that one exhaust fan discharges the
second portion of the return air flow from the HVAC system
to the ambient environment. Suspending the operation of
one of the exhaust fans in the energy recovery operating
mode may enable the exhaust fan 1n operation to discharge
the second portion of the return air flow at a second velocity,
which may be substantially similar to the first velocity. As
such, the exhaust fan may generate substantially the same
static pressure 1n the energy recovery mode as that in the
economizer operating mode, thereby enabling the exhaust
fan to also operate stably in the energy recovery operating
mode.

With the foregoing in mind, FIG. 5 15 a perspective view
of an embodiment of a heating, ventilation, and/or air
conditioning (HVAC) system 100 having an energy recovery
wheel assembly 102. It should be noted that the HVAC
system 100 may include embodiments or components of the
HVAC unit 12 shown 1n FIG. 1, embodiments or compo-
nents of the residential heating and cooling system 50 shown
in FIG. 3, a rooftop unit (RTU), or any other suitable HVAC
system. To facilitate discussion, the HVAC system 100, the
energy recovery wheel assembly 102, and their respective
components, will be described with reference to a longitu-
dinal axis 104, a vertical axis 106, which 1s oriented relative
to gravity, and a lateral axis 108.

The HVAC system 100 may be configured to circulate a
flow of conditioned air through a cooling load 110, such as
a conditioned space within a building, residential home, or
any other suitable structure. The cooling load 110 1s 1n fluid
communication with the HVAC system 100 via an air
distribution system 112, represented by dashed lines, that
includes ductwork configured to facilitate the supply and
extraction of air from one or more rooms or spaces of the
cooling load 110. The HVAC system 100 may also include
a vapor compression system, such as the vapor compression
system 72, which enables the HVAC system 100 to regulate
one or more climate parameters within the cooling load 110.
For example, the HVAC system 100 may be configured to
maintain a desired air quality, air humidity, and/or air
temperature within the cooling load 110.

As shown 1n the illustrated embodiment, the HVAC
system 100 includes an intake/exhaust section 116, referred
to herein as an air distribution plenum 116, which forms an
end portion 118 of the HVAC system 100. The air distribu-
tion plenum 116 enables the HVAC system 100 to intake air,
such as ambient air, to be conditioned and delivered to the
cooling load 110 as supply air. For example, the 1llustrated
HVAC system 100 includes a blower section 120 having one




US 11,906,184 B2

11

or more fans 122 configured to force the intake air through
an evaporator section 124. The evaporator section 124 may
place the intake air 1n a heat exchange relationship with
cooled refrigerant, thereby cooling the intake air to generate
the supply air. The HVAC system 100 may then deliver the
cooled supply air to the cooling load 110, such as via the air
distribution system 112. Moreover, the air distribution ple-
num 116 may draw return air from the cooling load 110 and
discharge the return air into an ambient environment 126. As
such, the air distribution plenum 116 enables the HVAC
system 100 to circulate air into and out of the cooling load
110, thereby providing the cooling load 110 with condi-
tioned air.

The HVAC system 100 may be configured to selectively
operate 1 an economizer mode, which may be referred to as
a full economizer mode, and 1n an energy recovery mode, as
will be further explained below. In the full economizer
mode, the HVAC system 100 may draw substantially all of
the supply air from the ambient environment 126. In other
words, 1n the full economizer mode, the supply air provided
to the cooling load 110 may include outdoor air without
return air. For example, the energy recovery wheel 102 1s not
operated 1n the full economizer mode, and the HVAC system
100 draws air from the ambient environment 126 via an
economizer 128 of the HVAC system 100. Additionally, the
air distribution plenum 116 may be operated to discharge
substantially all return air received from the cooling load
110 through an exhaust section 129. In this way, substan-
tially all of the supply air provided by the HVAC system 100
in the full economizer mode 1s the outdoor air drawn from
the ambient environment 126. In the full economizer mode,
the outdoor air may or may not be further conditioned by the
HVAC system 100 before the outdoor air 1s output as the
supply arr.

In the energy recovery mode, the energy recovery wheel
102 may be rotated to place the return air in a heat exchange
relationship with the outdoor air. Thus, the outdoor air may
be pre-conditioned, such as pre-cooled, 1n the energy recov-
ery mode. The HVAC system 100 may also include or be
communicatively coupled to an automation controller 130.
The automation controller 130 may adjust operation of the
HVAC system 100 between the full economizer mode and
the energy recovery mode. As used herein, the automation
controller 130 may include any suitable control device, such
as a programmable logic controller (PLC), having a memory
132 and a processor 134. The memory 132 may include
volatile memory, such as random-access memory (RAM),
and/or non-volatile memory, such as read-only memory
(ROM), optical drives, hard disc drives, solid-state drives, or
any other non-transitory computer-readable medium that
includes instructions to operate the HVAC system 100. The
processor 134 may be configured to execute such instruc-
tions. For example, the processor 134 may include one or
more application specific integrated circuits (ASICs), one or
more field programmable gate arrays (FPGAs), one or more
general purpose processors, or any combination thereof. As
an example, the processor 134 may execute instructions
stored on the memory 132 to set the operation of the HVAC
system 100 in the full economizer mode or the energy
recovery mode.

In certain embodiments, the automation controller 130
may be communicatively coupled to sensors 136 configured
to determine one or more operating parameters related to
HVAC system 100 operation. The automation controller 130
may operate the HVAC system 100 based on sensor feed-
back received from the sensors 136. By way of example, the
sensors 136 may be configured to determine a temperature,
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a pressure, and/or another suitable operating parameter, of a
fluid, such as an air flow or working flmd flow, and the
automation controller 130 may operate the HVAC system
100 i the full economizer mode or the energy recovery
mode based on the values of the operating parameters made
by the sensors 136.

FIG. 6 1s an expanded perspective view of an embodiment
of the air distribution plenum 116 of the HVAC system 100.
As shown 1n the 1llustrated embodiment, the air distribution
plenum 116 includes a partition 158 that extends generally
along the vertical axis 106. The partition 158 may divide an
interior of the air distribution plenum 116 between an
outdoor air enclosure or section 160 and a return air enclo-
sure or section 162. Accordingly, the outdoor air enclosure
160 and the return air enclosure 162 may extend from the
end portion 118 of the HVAC system 100 toward the energy
recovery wheel assembly 102. Moreover, the energy recov-
ery wheel assembly 102 may extend through an opening of
the partition 158 along the lateral axis 108, thereby enabling
an energy recovery wheel 164 of the energy recovery wheel
assembly 102 to span across at least a portion of the outdoor
air enclosure 160 and the return air enclosure 162.

The fans 122 of the blower section 120 may draw outdoor
air from the ambient environment 126 into the outdoor air
enclosure 160 of the air distribution plenum 116 1n a first air
flow direction 165 via the economizer 128. During operation
of the energy recovery wheel 164, the outdoor air may be
directed across a first portion 166 of the energy recovery
wheel 164 positioned within the outdoor air enclosure 160.
The outdoor air may then flow through an outdoor air
damper 168 of the air distribution plenum 116 to enter a
supply air plenum or section 170, which may be 1 fluid
communication with the evaporator section 124, and toward
a supply air outlet to be delivered to the cooling load 110.

Furthermore, the return air enclosure 162 may receive
return air from the cooling load 110. For example, during
operation of the energy recovery wheel 164, exhaust fans
172 of the exhaust section 129 may draw the return air from
the cooling load 110 1n a second air tlow direction 174 and
across a second portion 176 of the energy recovery wheel
164 positioned within the return air enclosure 162. The
exhaust fans 172 may then discharge at least a portion of the
return air out of the air distribution plenum 116 1n a third air
flow direction 178 via an exhaust vent 180 of the exhaust
section 129. In this way, the portion of the return air 1s
discharged into the ambient environment 126 as exhaust air.
It should be noted that, because the energy recovery wheel
164 may rotate during operation of the HVAC system 100,
a particular section or segment of the energy recovery wheel
164 may continuously rotate into and out of the outdoor air
enclosure 160 and the return air enclosure 162. Accordingly,
as used herein, the first portion 166 of the energy recovery
wheel 164 refers to the portion of the energy recovery wheel
164 that 1s disposed within the outdoor air flow section 160
at a particular instance 1n time, while the second portion 176
of the energy recovery wheel 164 refers to the portion of the
energy recovery wheel 164 that 1s disposed within the return
air enclosure 162 at that same instance in time. In other
words, particular sections of the energy recovery wheel 164
corresponding to the first portion 166 and the second portion
176 may be transient while the energy recovery wheel 164
rotates.

In the 1llustrated embodiment, the energy recovery wheel
assembly 102 turther includes an outdoor air bypass damper
182 and a return air bypass damper 184 that are disposed
within the HVAC system 100 and on opposing sides of the
energy recovery wheel 164. Specifically, the outdoor air
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bypass damper 182 may extend between the energy recovery
wheel 164 and a first side panel 186 of the air distribution
plenum 116, while the return air bypass damper 184 extends
between the energy recovery wheel 164 and a second side
panel 188 of the air distribution plenum 116. Accordingly,
the outdoor air bypass damper 182 and the return air bypass
damper 184 are disposed within the outdoor air enclosure
160 and the return air flow enclosure 162, respectively. The
outdoor air bypass damper 182 may enable the outdoor air
to bypass the energy recovery wheel 164 1n the outdoor air
enclosure 160, and the return air bypass damper 184 may
cnable the return air to bypass the energy recovery wheel
164 1n the return air flow enclosure 162. As an example,
during the tull economizer mode of the HVAC system 100,
the energy recovery wheel 164 may be inactive or non-
operational. Thus, the outdoor air flows from the ambient
environment 126 to the supply air plenum 170 via the
outdoor air bypass damper 182, and the return air flows from
the cooling load 110 to the ambient environment 126 via the
return air bypass damper 184. In other words, when the
outdoor air bypass damper 182 and the return air bypass
damper 184 are open during non-operation of the energy
recovery wheel 164, air may tlow through the dampers 182,
184 instead of through the energy recovery wheel 164,
thereby avoiding fluidic resistance imparted by the station-
ary energy recovery wheel 164.

In circumstances in which the temperature between the
outdoor air and the return air 1s substantially the same, such
as a temperature differential less than 5 degrees Celsius, less
than 10 degrees Celsius, less than 15 degrees Celsius, and so
forth, the HVAC system 100 may operate 1n the full econo-
mizer mode. In an example, the automation controller 130
may receive sensor feedback from the sensors 136 indicating,
that a temperature differential between the outdoor air
enclosure 160 and the return air enclosure 162 is below a
threshold value, and the automation controller 130 may
operate the HVAC system 100 in the full economizer mode
based on the sensor feedback. In the full economizer mode,
when the energy recovery wheel 164 1s not 1n operation, the
outdoor air may enter the supply air plenum 170, and the
return air may be discharged from the air distribution
plenum 116, without exchanging heat with one another. As
such, substantially all of the outdoor air 1s directed to the
supply air plenum 170 as supply aitr, substantially all of the
return air 1s discharged via the exhaust vent 180, and the
temperature of the outdoor air 1s not substantially affected by
the temperature of the return air i the full economizer
mode.

In circumstances in which a larger temperature differen-
tial exists between the outdoor air and the return air, such as
a temperature diflerential greater than 10 degrees Celsius,
greater than 15 degrees Celsius, greater than 20 degrees
Cels1us, and so forth, the HVAC system 100 may operate 1n
the energy recovery mode. For instance, the automation
controller 130 may receive sensor feedback from the sensors
136 indicating there 1s a temperature difference between the
outdoor air enclosure 160 and the return air enclosure 162
that 1s greater than a threshold value, and the automation
controller 130 may operate the HVAC system 100 1n the
energy recovery mode based on the sensor feedback. In the
energy recovery mode, the energy recovery wheel 164 may
be operable to recover thermal energy from the return air
betfore the return air 1s discharged from the air distribution
plenum 116. For example, the energy recovery wheel 164
may 1nclude heat transfer elements 192, such as a matrix
material, a porous material, or any other suitable heat and/or
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moisture absorbing material, which facilitates the transfer of
thermal energy from the outdoor air to the return air, or vice
versa.

For instance, in embodiments 1n which the HVAC system
100 1s operating 1n a cooling mode, a temperature of outdoor
air entering the air distribution plenum 116 may be relatively
high, while a temperature of the return air from the cooling
load 110 may be relatively low. The return air may tlow
across the second portion 176 of the energy recovery wheel
164 and may absorb thermal energy from the second portion
176 of the energy recovery wheel 164, thereby reducing a
temperature of the heat transfer elements 192 of the second
portion 176 of the energy recovery wheel 164. Upon tra-
versing the second portion 176 of the energy recovery wheel
164, the return air may be discharged from the air distribu-
tion plenum 116 via the exhaust vent 180. As the energy
recovery wheel 164 rotates, the cooled heat transfer ele-
ments 192 situated within the return air enclosure 162 may
transition 1nto the outdoor air enclosure 160. The cooled heat
transier elements 192 entering the outdoor air enclosure 160
may then absorb thermal energy from the outdoor air tlow-
ing across the first portion 166 of the energy recovery wheel
164. As such, the energy recovery wheel 164 may cool or
pre-condition the outdoor air by absorbing thermal energy
from the outdoor air. It should be noted that the energy
recovery wheel 164 may alternatively be used to transier
energy from the return air to the outdoor air, for example, 1n
embodiments 1n which the HVAC system 1s operating 1n a
heating mode, rather than a cooling mode.

In some cases, a portion of the return air drawn from the
cooling load 110 may be recirculated to the cooling load 110
as supply air. For example, the HVAC system 100 may
include a recovery damper 194 that 1s operable to enable a
portion of the return air to enter the supply air plenum 170
as recovery air. The recovery air may mix with the outdoor
air drawn 1nto the supply air plenum 170 via the economizer
128 to form the supply air that the fans 122 direct toward the
evaporator section 124. By way of example, during the
cooling mode 1n which the temperature of the outdoor air 1s
relatively high and the temperature of the recovery air 1s
relatively low, the mixture of the recovery air with the
outdoor air may produce supply air that 1s lower 1n tem-
perature relative to the outdoor air alone. As such, the
recovery air may further pre-cool or pre-condition the total
supply aitr, and the amount that the recovery air pre-cools the
total supply air may be based on a flow rate of the recovery
air relative to a flow rate of the outdoor air into the HVAC
system 100. It should also be noted that the recovery air may
alternatively be used to pre-heat the total supply air, for
example, in embodiments in which the HVAC system 100 1s
operating 1n a heating mode. The recovery damper 194 may
be configured to regulate a tlow rate of recovery air recir-
culating back to the cooling load 110 by transitioning
between an open position, a closed position, or any position
therebetween.

In certain embodiments, the exhaust section 129 includes
two exhaust fans 172. The exhaust fans 172 may be posi-
tioned 1n a parallel arrangement, such as side by side, and
cach exhaust fan 172 may be rotated by a separate exhaust
fan motor 196. That 1s, a first exhaust fan motor 196 A may
be configured to rotate a first exhaust fan 172A, and a second
exhaust fan motor 196B may be configured to rotate a
second exhaust fan 172B. Furthermore, an energy recovery
wheel motor 198 may be configured to rotate the energy
recovery wheel 164. In the full economizer mode, each of
the exhaust fan motors 196 may be 1n operation to operate
both of the exhaust fans 172. That i1s, each of the exhaust
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fans 172 may draw return air from the cooling load 110 and
discharge the return air to the ambient environment 126.
Furthermore, the recovery damper 194 may be substantially
closed 1n the full economizer mode. Thus, substantially all
of the return air drawn from the cooling load 110 1s dis-
charged to the ambient environment 126 via the exhaust fans
172 operating 1n parallel.

In some embodiments, each exhaust fan 172 may be of the
same specification, design, model, and/or configuration,
such as having the same size, operating at the same rota-
tional speed, and the like. As such, each exhaust fan 172 may
discharge the return air at approximately the same tlow rate.
In alternative embodiments, the exhaust fans 172 may be of
different specifications and may discharge the return air at
different flow rates. In any case, the specifications of the
exhaust fans 172 may be selected to discharge the return air
to the ambient environment at a desirable flow rate and to
direct the return air through the exhaust fans 172 at respec-
tive velocities that avoid a stall condition. Additionally, in
the full economizer mode, the energy recovery wheel motor
198 may not be in operation to operate the energy recovery
wheel 164. For this reason, the outdoor air may flow through
the outdoor air bypass damper 182, the return air may flow
through the return air bypass damper 184, and heat transier
between the outdoor air and the return air may be limited.

In the energy recovery mode, the energy recovery wheel
motor 198 may be 1n operation to rotate the energy recovery
wheel 164, one of the exhaust fan motors 196 may be in
operation to rotate one of the exhaust fans 172, and the other
of the exhaust fan motors 196 may not be in operation such
that the other of the exhaust fans 172 does not rotate. For
instance, 1 the energy recovery mode, the second exhaust
fan motor 196B 1s not i1n operation, and as a result, the
second exhaust fan 172B 1s not in operation. Furthermore,
the recovery damper 194 may open 1n the energy recovery
mode to enable a first portion of the return air from the
cooling load 110 to flow to the supply air plenum 170. A
second, remaining portion of the return air from the cooling
load 110 may flow through the second portion 176 of the
energy recovery wheel 164. With the first exhaust fan 172A
in operation and the second exhaust fan 172B not in opera-
tion, substantially all of the second portion of the return air
1s discharged through the exhaust vent 180 by the first
exhaust fan 172A. In this case, a specification of the first
exhaust fan 172A may be selected to discharge the second
portion of the return air to the ambient environment at a
desirable velocity to avoid a stall condition. For example, a
s1ze, operating speed, or other parameter of the first exhaust
fan 172A may be selected based on an expected or target
amount of the second portion of the return air, such that the
first exhaust fan 172A discharges the second portion at a
desired velocity and/or desired static pressure.

In addition, during the energy recovery mode of opera-
tion, the outdoor air may tlow through the first portion 166
of the energy recovery wheel 164, which enables heat to
exchange between the outdoor air and the second portion of
the return air. After exchanging heat with the second portion
of the return air, the outdoor air may flow through the
outdoor air damper 168 1nto the supply air plenum 170 and
combine with the first portion of the return air. In some
embodiments, the amount at which the recovery damper 194
1s open may be based on a target amount of the first portion
of the return air relative to the second portion of the return
air. For example, the recovery damper 194 may open such
that the first portion of return air includes 35% of the total
return air recerved by the HVAC system 100 and the second
portion of return air includes 65% of the total return air
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received by the HVAC system 100. In other embodiments,
the recovery damper 194 may be positioned such that the
first portion includes 350% of the total return air and the
second portion includes 50% of the total return air, or such
that the first portion and the second portion include any other
suitable target amounts of the total return air. Such percent-
ages of the first portion relative to the second portion may be
based on the particular HVAC system 100, a particular
operation of the energy recovery mode, feedback received
from the sensors 136, or another suitable parameter.

Although two exhaust fans 172 are shown 1n the 1llus-
trated embodiment, there may be any suitable number of
exhaust fans 172 implemented 1n the air distribution plenum
116 to discharge return air into the ambient environment 126
at different total volumes based on an operating mode of the
HVAC system 100 and/or based on a number of the exhaust
fans 172 1n operation. By way of example, three exhaust fans
172, four exhaust fans 172, five or more exhaust fans 172,
or any other number of exhaust fans 172 may be used. Each
exhaust fan 172 may be independently rotated by a respec-
tive motor 196, and a different number of exhaust fans 172
may be in operation in the full economizer mode than 1n the
energy recovery mode. For mstance, in the full economizer
mode, a set of the exhaust fans 172, such as all of the exhaust
fans 172, may be in operation, and in the energy recovery
mode, a subset of the exhaust fans 172 may be 1n operation,
such as half of the total number of exhaust fans 172.
Alternatively, any suitable number of exhaust fans 172 may
be 1in operation in the full economizer mode and in the
energy recovery mode to enable the exhaust fans 172 to
operate and avoid the stall condition.

In the 1llustrated embodiment, the automation controller
130 1s communicatively coupled to a power supply 200 and
to a relay 202. The relay 202 may be electrically coupled to
the power supply 200, the exhaust fan motors 196, and the
energy recovery wheel motor 198. The automation control-
ler 130 may transmit a control signal to the power supply
200 to output power, and the relay 202 may enable the power
provided by the power supply 200 to be delivered to the
exhaust fan motors 196 and/or to the energy recovery wheel
motor 198, thereby enabling the exhaust fans 172 and/or the
energy recovery wheel 164 to operate. In some embodi-
ments, the relay 202 may receive control signals from the
automation controller 130. Based on the control signals, the
relay 202 may selectively enable power to be provided to
certain components of the HVAC system 100, thereby
setting the operating mode of the HVAC system 100. As
such, the automation controller 130, the relay 202, and the
power source 200 may be a part of a controller or control
system 204 configured to adjust the operation of the HVAC
system 100. For example, the automation controller 130 may
transmit control signals indicative of operation of the HVAC
system 100 1n the full economizer mode, and the relay 202
may enable power to be provided to both exhaust fans 172,
but not to the energy recovery wheel 164. Alternatively, the
automation controller 130 may transmit control signals
indicative of HVAC system 100 operation of the HVAC
system 100 1n the energy recovery mode, and the relay 202
may enable power to be provided to one of the exhaust fans
172 and to the energy recovery wheel motor 198.

FIG. 7 1s a schematic of an embodiment of relay logic 220
that may be employed by the relay 202 to control a supply
of power to HVAC system 100 components based on control
signals received from the automation controller 130. The
relay logic 220 may enable power or a voltage to be supplied
from the power supply 200 to the exhaust fan motors 196
and/or to the energy recovery wheel motor 198. The relay
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logic 220 1ncludes a controller network 222 and an electrical
network 224. The controller network 222 illustrates various
interactions between the automation controller 130 and the
relay 202. For example, at a first control line 226, the
automation controller 130 may be configured to transmit a
first control signal, which may be an energy recovery wheel
activation signal, to a first relay coil 228, which may be an
energy recovery wheel activation coil. At a second control
line 230, the automation controller 130 may be configured to
transmit a second control signal, which may be an exhaust
fan activation signal, to a second relay coil 232, which may
be an exhaust fan activation coil.

The electrical network 224 illustrates various interactions
between the power source 200 and the relay 202. The
configuration of the electrical network 224 may be based on
the interaction between the automation controller 130 and
the relay 202. For example, a first line 234 of the electrical
network 224 may include a first contact switch 236 electri-
cally coupled to a first load 238, which may be an energy
recovery wheel load. A second line 240 of the electrical
network 224 may include a second contact switch 242
clectrically coupled to a second load 244, which may be a
first exhaust fan load. A third line 246 of the electrical
network 224 may include a third contact switch 248 and a
tourth contact switch 250 electrically coupled to a third load
252, which may be a second exhaust fan load. The loads 238,
244, 252 may be electrically coupled to the energy recovery
wheel motor 198, the first exhaust fan motor 196 A, and the
second exhaust fan motor 196B, respectively. In some
embodiments, the loads 238, 244, 252 may be motor starters
configured to activate the energy recovery wheel motor 198,
the first exhaust motor 196 A, and the second exhaust motor
1968, respectively, to operate the energy recovery wheel
164, the first exhaust fan 172A, and the second exhaust fan
1728, respectively. Generally, each of the contact switches
236, 242, 248, 250 may adjust between an open position,
which interrupts power supply to a respective load 238, 244,
252, and a closed position, which enables power supply to
a respective load 238, 244, 252, Thus, the first load 238 may
ecnable operation of the energy recovery wheel motor 198
upon receiving power, the second load 244 may enable
operation of the first exhaust motor 196 A upon receiving
power, and the third load 252 may enable operation of the
second exhaust motor 196B upon receiving power. The
position of the contact switches 236, 242, 248, 250 may be
based on control signals sent by the automation controller
130 to the respective relay coils 228, 232. Thus, the control
signals sent by the automation controller 130 are used to
control operation of the exhaust fans 172 and the energy
recovery wheel 164.

For example, in the full economizer mode, the automation
controller 130 does not transmit the first control signal to the
first relay coil 228 to operate the energy recovery wheel 164.
The first relay coil 228 may be electrically coupled to the
first contact switch 236, which may be a normally open
contact switch, of the first line 234. That 1s, the first contact
switch 236 may be 1n the open position when not actuated
by the first relay coil 228, and the first contact switch 236
may be 1n the closed position when actuated by the first relay
coil 228. In the tull economizer mode, the first relay coil 228
does not receive the first control signal and, as a result, does
not actuate the first contact switch 236. Therefore, the first
contact switch 236 remains in the open position, thereby
interrupting a supply of power to the first load 238, such that
the energy recovery wheel motor 198 and the energy recov-
ery wheel 164 are not in operation in the full economizer
mode. Furthermore, 1in the full economizer mode, the auto-
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mation controller 130 may transmit the second control signal
to the second relay coil 232 to operate the first exhaust fan
172A. The second relay coil 232 may be electrically coupled
to the second control switch 242, which may be another
normally open control switch, of the second line 240. In
response to recerving the second control signal, the second
relay coil 232 may actuate the second control switch 242 to
move the second control switch 242 to the closed position.
The closed position of the second control switch 242 enables
power to be provided to the second load 244, thereby
operating the first exhaust fan motor 196 A and the first
exhaust fan 172A 1n the full economizer mode.

Additionally, the first relay coil 228 may be electrically
coupled to the fourth contact switch 250 of the third line 246,
and the second relay coil 232 may be electrically coupled to
the third control switch 248 of the third line 246. The fourth
contact switch 250 may be a normally closed contact switch,
which 1s a contact switch that 1s 1n the closed position when
not actuated by the second relay coil 232, and the third
contact switch 248 may be a normally open contact switch.
In the full economizer mode, the first relay coil 228 does not
receive the first control signal and does not actuate the fourth
contact switch 250, thereby leaving the fourth contact switch
250 1n the closed position. Furthermore, 1n the full econo-
mizer mode, the second relay coil 232 receives the second
control signal and actuates the third contact switch 248.
Thus, the third contact switch 248 1s also in the closed
position. Since both the third and fourth contact switches
248, 250 are 1n the closed position, power 1s supplied to the
third load 252 to operate the second exhaust fan motor 196B.
In this way, the second exhaust fan 172B 1s 1n operation 1n
the full economizer mode.

In the energy recovery mode, the automation controller
130 may transmuit the first control signal to the first relay coil
228. As a result, the first relay coil 228 may actuate the first
contact switch 236 to set the first contact switch 236 1n the
closed position, thereby enabling power to be supplied to the
first load 238 to operate the energy recovery wheel motor
198 in the energy recovery mode. Further, the automation
controller 130 transmits the second signal to the second
relay coil 242. Therefore, the second relay coil 232 actuates
the second contact switch 242 to set the second contact
switch 242 1n the closed position, thereby enabling power to
be supplied to the second load 244 to operate the first
exhaust fan motor 196B 1n the energy recovery mode.
Additionally, since the automation controller 130 transmits
the first control signal to the first relay coil 228 1n the energy
recovery mode, the first relay coil 228 also actuates the
fourth contact switch 250 to set the fourth contact switch 250
in the open position. In this way, supply of power to the third
load 252 1s mterrupted, and the second exhaust fan motor
1968 1s not 1 operation 1n the energy recovery mode. In
other words, even though the second relay coil 232 may
receive the second control signal to actuate the third contact
switch 248 and set the third contact switch 248 1n the closed
position, the open position of the fourth contact switch 250
interrupts the supply of power to the third load 252, such that
the third load 252 does not operate the second exhaust fan
motor 196B. Thus, the second exhaust fan 172B 1s not in
operation 1n the energy recovery mode.

FIG. 8 1s an expanded view of another embodiment of the
air distribution plenum 116 of the HVAC system 100. In the
illustrated embodiment, the controller 204 does not include
the relay 202. Rather, the automation controller 130 may be
in direct communication with the energy recovery wheel 164
and the exhaust fans 172. For example, the automation
controller 130 may be configured to transmit respective
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controls signals to the energy recovery wheel motor 198 and
the exhaust fan motors 196 to control the operation of the
energy recovery wheel 164 and the exhaust fans 172. By
way of example, 1n the full economizer mode, the automa-
tion controller 130 may transmit a {irst control signal to the
first exhaust fan motor 196A to receive power from the
power supply 200 and operate the first exhaust fan 172A.
Moreover, the automation controller 130 may transmit a
second control signal to the second exhaust fan motor 1968
to recerve power from the power supply 200 and operate the
second exhaust fan 172B. In additional or alternative
embodiments, the automation controller 130 may transmuit
control signals to the power supply 200 to instruct the power
supply 200 to output power to the exhaust fan motors 196 to
operate the exhaust fans 172. Further, the automation con-
troller 130 may not transmit a third control signal to the
energy recovery wheel motor 198 and, as a result, the energy
recovery wheel 164 1s not 1n operation 1n the full economizer
mode. In the energy recovery mode, the automation con-
troller 130 may transmit the first control signal to the first
exhaust fan motor 196A to operate the first exhaust fan
172A. The automation controller 130 may transmit the third
control signal to the energy recovery wheel motor 198 to
operate the energy recovery wheel 164. However, the auto-
mation controller 130 may not transmit the second control
signal to the second exhaust fan motor 196B. Thus, the
second exhaust fan 172B 1s not in operation in the energy
recovery mode. As similarly mentioned above, the automa-
tion controller 130 may be configured to send or not send
appropriate control signals to the power supply 200 1n order
to provide or not provide power to the components discussed
above based on an operating mode of the HVAC system 100.

It should be noted that the features described herein may
retrofit mto existing HVAC systems. For example, existing,
HVAC systems may be modified to include multiple exhaust
tans. The relay 202 may further be installed to such HVAC
systems to configure the operation of the exhaust fans 1n
accordance with the full economizer mode and in the energy
recovery mode described above. Additionally or alterna-
tively, a respective controller, such as the automation con-
troller 130, of the HVAC systems may be programmed to
configure the operation and/or non-operation of the exhaust
tans 1n the full economizer mode and 1n the energy recovery
mode. In either case, an existing HVAC system may be
modified to change the number of exhaust fans included in
the existing HVAC system and 1n operation between the full
economizer mode and the energy recovery mode to enable
adequate discharge of return air and desirable performance
of the HVAC system.

FIGS. 9 and 10 each 1illustrate a method or process for
operating the HVAC system 100, in accordance with the
techniques described herein. Fach method may be per-
formed by a control system, such as the controller 204. It
should be noted that each method may be modified and/or
performed differently, such as for different embodiments of
the HVAC system 100. As an example, additional steps may
be performed for any of the methods. Additionally or
alternatively, certain steps of each method may be modified,
removed, or performed 1n a different order than depicted in
FIGS. 9 and 10.

FIG. 9 1s a block diagram of a method or process 270 for
operating the HVAC system 100 in the full economizer
mode. At block 272, the controller 204 sets the operation of
the HVAC system 100 in the full economizer mode. For
example, the controller 204 may determine the temperature
differential between the outdoor air and the return air is
substantially zero or negligible based on received sensor
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feedback, such as below a threshold value, and the controller
204 may set the operation of the HVAC system 100 1n the
tull economizer mode 1n response. Additionally or alterna-
tively, the controller 204 may receive a user mput from a
user indicative of a request to operate 1n the full economizer
mode, and the controller 204 sets the operation of the HVAC
system 100 based on the user 1mput.

At block 274, the controller 204 suspends operation of the
energy recovery wheel 164. In some implementations, the
relay 202 of the controller 204 1nterrupts the supply of power
to the energy recovery wheel motor 198, and the energy
recovery wheel 164 1s not 1in operation as a result. For
instance, the relay 202 does not receive an activation signal
from the automation controller 130 to operate the energy
recovery wheel 164 and, in response, the relay 202 does not
cnable power to be supplied to the energy recover wheel
motor 198. In additional or alternative implementations, the
automation controller 130 1s 1n direct communication with
the energy recovery wheel motor 198, the automation con-
troller 130 does not transmit a control signal to the energy
recovery wheel motor 198, and the energy recovery wheel
164 1s not in operation.

At block 276, the controller 204 operates the exhaust fans
172. In embodiments of the controller 204 having the relay
202, the relay 202 enables power to be supplied to the
exhaust fan motors 196 to operate the exhaust fans 172. By
way ol example, the relay 202 receives an activation signal
from the automation controller 130 to operate the first
exhaust fan motor 196 A, and the relay 202 enables power to
be supplied to the first exhaust fan motor 196 A to operate the
first exhaust fan 172A. As a result, the relay 202 may enable
power 1o be supplied to the second exhaust fan motor 196B
based on receiving the activation signal to operate the first
exhaust fan motor 196 A and also based on not recerving the
activation signal to operate the energy recovery wheel motor
198. Thus, the second exhaust fan 172B 1s also in operation.
Additionally or alternatively, the automation controller 130
may directly transmit respective control signals to the
exhaust fan motors 196 to operate the exhaust fans 172. In
any case, the multiple exhaust fans 172 are i operation, and
the energy recovery wheel 164 1s not 1n operation 1n the full
economizer mode.

FIG. 10 1s a block diagram of a method of process 290 for
operating the HVAC system 100 in the energy recovery
mode. At block 292, the controller 204 sets the operation of
the HVAC system 100 in the energy recovery mode. For
instance, the controller 204 may determine there 1s a larger
or significant temperature diflerential between the outdoor
air and the return air based on received sensor feedback,
such as a temperature differential above a threshold value.
For this reason, the controller 204 may set the operation of
the HVAC system 100 1n the energy recovery mode. Addi-
tionally or alternatively, the controller 204 may receive user
input indicative of a request to operate 1n the energy recov-
ery mode, and the controller 204 sets the operation of the
HVAC system 100 1n response.

At block 294, the controller 204 operates the energy
recovery wheel 164. In one example, the automation con-
troller 130 transmits an activation signal to the relay 202 to
operate the energy recovery wheel 164, and the relay 202
enables power to be supplied to the energy recovery wheel
motor 198 in response, thereby operating the energy recov-
ery wheel 164. In another example, the automation control-
ler 130 directly transmits a control signal to the energy
recovery wheel motor 198 to operate the energy recovery

wheel 164.




US 11,906,184 B2

21

At block 296, the controller 204 suspends operation of
one of the exhaust fans 172, such as the second exhaust fan
172B. In certain embodiments, the relay 202 receives an
activation signal to operate the first exhaust fan 172A 1n
addition to receiving the activation signal to operate the
energy recovery wheel 164. As a result of recerving both of
the activation signals, the relay 202 may mterrupt a supply
of power to the second exhaust fan 196B. Additionally or
alternatively, the automation controller 130 may be 1n direct
communication with the second exhaust fan motor 196B. In
such embodiments, the automation controller 130 may not
transmit a control signal to the second exhaust fan motor
196B. As such, in the energy recovery mode, the energy
recovery wheel 164 and the first exhaust fan 172A are in
operation, and the second exhaust fan 172B 1s not 1n
operation.

Embodiments of the present disclosure are directed to a
heating, ventilation, and/or air conditioning (HVAC) system
configured to operate 1 a full economizer mode and 1n an
energy recovery mode. In the full economizer mode, the
HVAC system may draw return air from a conditioned
space, and a first and a second exhaust fan may be 1n
operation to discharge substantially all of the return air to an
ambient environment. Moreover, the HVAC system may
draw outdoor air from the ambient environment to supply
the outdoor air as the supply air delivered to the conditioned
space. In the full economizer mode, the HVAC system may
not further condition the outdoor air that 1s supplied to the
conditioned space as supply air, thereby reducing power
consumption of the HVAC system.

In the energy recovery mode, the HVAC system may
continue to draw outdoor air from the ambient environment.
In addition, the HVAC system may draw the return air from
the conditioned space, and a first portion of the drawn return
air may be directed to mix with the outdoor air. The mixture
of return air and outdoor air may be conditioned as supply
air to be delivered to the conditioned space. The second
portion of the return air may be drawn across an energy
recovery wheel configured to place the second portion of the
return air in a heat exchange relationship with the outdoor
air. As a result, the second portion of the return air may
pre-condition the outdoor air 1n the energy recovery mode,
thereby increasing an efliciency of conditioning the supply
air. Further, the second portion of the return air may be
discharged to the ambient environment by operation of one
of the exhaust fans, while the operation of the other exhaust
fan may be suspended. As such, substantially all of the
second portion of the return air may flow across one of the
exhaust fans. Operating two exhaust fans in the full econo-
mizer mode and operating one exhaust fan 1n the energy
recovery mode may improve a performance of the HVAC
system. For example, the HVAC system discharges different
amounts of the return air at adequate flow rates in the
different modes, and the exhaust fans avoid operating 1n a
stall condition 1n both the full economizer mode and the
energy recovery mode. The technical effects and technical
problems 1n the specification are examples and are not
limiting. It should be noted that the embodiments described
in the specification may have other technical effects and can
solve other technical problems.

While only certain features and embodiments of the
disclosure have been 1llustrated and described, many modi-
fications and changes may occur to those skilled in the art,
such as variations in sizes, dimensions, structures, shapes
and proportions of the various elements, values of param-
cters, 1ncluding temperatures and pressures, mounting
arrangements, use of materials, colors, orientations, and so
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forth without materially departing from the novel teachings
and advantages of the subject matter recited in the claims.
The order or sequence of any process or method steps may
be varied or re-sequenced according to alternative embodi-
ments. It 1s, therefore, to be noted that the appended claims
are mtended to cover all such modifications and changes as
tall within the true spirit of the disclosure. Furthermore, 1n
an eflort to provide a concise description of the exemplary
embodiments, all features of an actual implementation may
not have been described, such as those unrelated to the
presently contemplated best mode of carrying out the dis-
closure, or those unrelated to enabling the claimed disclo-
sure. It should be noted that in the development of any such
actual implementation, as 1 any engineering or design
project, numerous implementation specific decisions may be
made. Such a development eflort might be complex and time
consuming, but would nevertheless be a routine undertaking
of design, fabrication, and manufacture for those of ordinary
skill having the benefit of this disclosure, without undue
experimentation.

The mnvention claimed 1s:

1. A heating, ventilation, and/or air conditioning (HVAC)
unit, comprising;

a first fan and a second fan configured to discharge return

air from the HVAC unit 1n parallel;

an energy recovery wheel configured to transfer heat

between outdoor air received by the HVAC unit and the
return air; and

a controller configured to:

operate the first fan and the second fan 1n a first mode
of the HVAC unit; and

operate the first fan, operate the energy recovery wheel,
and suspend operation of the second fan 1n a second
mode of the HVAC unut.

2. The HVAC unit of claim 1, wherein the controller 1s
configured to suspend operation of the energy recovery
wheel 1n the first mode of the HVAC unat.

3. The HVAC unit of claim 1, comprising an energy
recovery wheel assembly that comprises the energy recovery
wheel and a return air damper configured to direct the return
air to bypass the energy recovery wheel 1n the first mode.

4. The HVAC unit of claim 3, wherein the energy recovery
wheel assembly comprises an outdoor air damper configured
to direct the outdoor air to bypass the energy recovery wheel
in the first mode.

5. The HVAC unit of claim 1, wherein the controller 1s
configured to selectively operate the HVAC unit 1n the first
mode and 1n the second mode based on feedback from one
or more sensors, wherein the feedback 1s indicative of a
temperature of the return air, a temperature of the outdoor
air, or both.

6. The HVAC unit of claim 1, wherein the first fan 1s
configured to draw a first flow of return air across the energy
recovery wheel, and the second fan 1s configured to draw a
second tlow of return air across the energy recovery wheel.

7. A heating, ventilation, and/or air conditioning (HVAC)
system, comprising;:

a housing;

a plurality of fans configured to discharge return air from

the housing;

an energy recovery wheel disposed within the housing,

wherein the energy recovery wheel 1s configured to
transier heat between ambient air received by the
housing and the return air; and

a controller configured to operate the energy recovery

wheel and suspend operation of a fan of the plurality of
fans 1 an operating mode of the HVAC system.
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8. The HVAC system of claim 7, wherein the plurality of

fans 1s configured to discharge the return air from the
housing in parallel with one another.

9. The HVAC system of claim 7, wherein the operating,
mode 1s a first operating mode, and the controller 1s con-
figured to suspend operation of the energy recovery wheel
and operate each fan of the plurality of fans in a second
operating mode of the HVAC system.

10. The HVAC system of claam 9, wherein the HVAC
system comprises an energy recovery wheel assembly, and
the energy recovery wheel assembly comprises the energy
recovery wheel, a first damper configured to direct the
ambient air to bypass the energy recovery wheel 1in the
second operating mode, and a second damper configured to
direct the return air to bypass the energy recovery wheel 1n
the second operating mode.

11. The HVAC system of claim 7, wherein the HVAC
system comprises:

an economizer configured to direct the ambient air into

the housing; and
a partition disposed within the housing to define a first
section and a second section within the housing,

wherein the plurality of fans 1s configured to discharge the
return air from the first section, and the economizer 1s
configured to direct the ambient air into the second
section.

12. The HVAC system of claim 11, wherein the operating
mode 1s a first operating mode, the controller 1s configured
to suspend operation of the energy recovery wheel and
operate each fan of the plurality of fans 1n a second operating
mode of the HVAC system, and the economizer 1s config-
ured to direct the ambient air into the second section in the
first operating mode and in the second operating mode.

13. The HVAC system of claim 7, comprising a sensor
communicatively coupled to the controller, wherein the
controller 1s configured to operate the HVAC system 1n the
operating mode based on data received from the sensor.

14. The HVAC system of claim 13, wherein the controller
1s configured to:

determine a temperature differential between the ambient

air and the return air based on the data received from
the sensor; and

operate the HVAC system 1n the operating mode in

response to a determination that the temperature dif-
ferential between the ambient air and the return air
exceeds a threshold value.

15. The HVAC system of claim 7, wherein each fan of the
plurality of fans 1s configured to draw the return air across
the energy recovery wheel.
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16. A tangible, non-transitory, computer-readable
medium, comprising instructions stored thereon, wherein
the structions, when executed by one or more processors,
are configured to cause the one or more processors to:

operate each fan of a plurality of fans to discharge return

air from a heating, ventilation, and/or air conditioning
(HVAC) unit 1n a first mode of the HVAC unat;
operate an energy recovery wheel 1n a second mode of the
HVAC unit to transfer heat between ambient air and the
return air; and

suspend operation of a fan of the plurality of fans 1n the

second mode.

17. The tangible, non-transitory, computer-readable
medium of claim 16, wherein the instructions, when
executed by the one or more processors, are configured to
cause the one or more processors to:

operate each fan of the plurality of fans in the first mode

in response to a determination that a temperature dii-
ferential between the return air and the ambient air 1s
less than a threshold value; and

operate the energy recovery wheel and suspend the opera-

tion of the fan of the plurality of fans in the second
mode 1n response to a determination that the tempera-
ture differential between the return air and the ambient
air exceeds the threshold value.

18. The tangible, non-transitory, computer-readable
medium of claim 16, wherein the instructions, when
executed by the one or more processors, are configured to
cause the one or more processors to suspend operation of the
energy recovery wheel 1n the first mode.

19. The tangible, non-transitory, computer-readable
medium of claim 16, wherein the instructions, when
executed by the one or more processors, are configured to
cause the one or more processors to:

output a first control signal to a relay to cause the relay to

supply power to each fan of the plurality of fans in the
first mode; and

output a second control signal to the relay to cause the

relay to supply power to the energy recovery wheel and
to 1terrupt supply of power to the fan of the plurality
of fans in the second mode.

20. The tangible, non-transitory, computer-readable
medium of claim 16, wherein the fan i1s a first fan, the
plurality of fans comprises a second fan, and the nstruc-
tions, when executed by the one or more processors, are
configured to cause the one or more processors to operate a
first motor of the first fan and operate a second motor of the
second fan independently of one another.
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